Abstract
INTRODUCTION
Video-assisted thoracic surgery (VATS) has been widely accepted as a minimally invasive alternative to conventional thoracotomy. It has been shown to be associated with at least comparable postoperative morbidity and recovery in the treatment of pulmonary diseases [1] [2] [3] as well as mediastinal pathologies [4] [5] [6] [7] .
Further refining efforts have been encouraged and have led to the development of single-port VATS [8] [9] [10] , which have shown promising outcome in a number of studies using it in pulmonary resections [11] [12] [13] [14] . However, not much evidence has been gained concerning its efficacy in contrast to multi-port VATS in the treatment of different mediastinal pathologies [15] [16] [17] . We herein present, to the best of our knowledge, the largest series of single-port VATS used for mediastinal diseases and analyse its potential benefits in terms of perioperative outcomes by comparing it to the multi-port VATS.
MATERIALS AND METHODS

Patients
Data of consecutive adult patients undergoing single-port or multi-port VATS for mediastinal lesions from July 2013 to December 2015 at our institution were retrospectively reviewed. The selection criteria for VATS were suspected thymoma with intact encapsulation on preoperative imaging findings or other loco-regional diseases that were symptomatic or required pathological confirmation. Patients who underwent isolated procedure via unilateral VATS for definitive surgery were included in the study. Patients with a history of myasthenia gravis or previous thoracic surgery were excluded. Moreover, patients who turned out to have thymic cancer or thymoma with Masaoka-Koga stage greater than Stage I were further excluded to maintain cohort heterogeneity and treatment rationality. As a result, a total of 285 cases were identified, which consisted of 141 patients who had single-port VATS and 144 patients who had multi-port VATS (Fig. 1) .
This cohort was further divided into 2 subgroups based on whether the diagnosis was thymoma. A propensity score was computed for each patient on the type of VATS (single-versus multi-port) with an R language-based tool provided by Thoemmes [18] , using covariates of age, gender, comorbidity, body mass index, smoking history, laterality, location and lesion size. Patients undergoing single-or multi-port VATS were matched 1:1 within each diagnosis subgroup by a nearestneighbour method.
The operation was performed by multiple groups, which were all dedicated at minimally invasive surgery. The decision as to whether to use single-or multi-port VATS was based on individual surgeon's discretion. This study received approval from the Ethics Committee of Shanghai Pulmonary Hospital. Waiver of consent was granted for this retrospective data review.
Surgical technique
The patient positioning and incision placement were based on the size and location of the mediastinal lesion. For single-port VATS, a 30-45 semi-supine position was adopted. The ipsilateral arm of the patient was hung on an overhead padded holder to expose the axilla. The bed was flexed to widen intercostal spaces. General anaesthesia was achieved by the insertion of a doublelumen endotracheal tube. For single-port VATS, a 2-5-cm incision was made in the third to fifth intercostal space along the anterior or mid-axillary line, providing access for both a 10-mm camera and working instruments. Incision length was determined reflecting the size of the lesion viewed on preoperative computed tomography. No incision extension occurred in the study cohort. In 2 cases of superiorly located cystic lesions, the incision was set at the second intercostal space. In 2-port VATS, the utility and camera ports were placed in the third and sixth intercostal space and at the anterior and mid-axillary line, respectively. Incisions for 3-port VATS were made in a previously reported manner [19] . Each port type did not involve muscle division or rib spreading. Thymectomy was indicated for suspected thymoma, and simple excision was performed for other disease entities. Angulated instruments were used for dissection. In a typical thymectomy, the dissection of the thymus was initiated at the level of the cardiophrenic angle and carried cranially to the level of the innominate vein, which was followed by the dissection of upper poles and mobilization of the contralateral side. In the process, special care was paid to phrenic nerves and innominate veins to avoid iatrogenic injury. Once dissection was complete, the thymus was removed in an entirety with surrounding fatty tissue and was retrieved in an endobag. A 28-Fr chest tube was placed at port incision for postoperative drainage. Thymomas confirmed by pathology were stratified with Masaoka-Koga staging [20] and World Health Organization histological classifications [21] .
Postoperative management
After the operation, patients were cared in a regular thoracic surgery unit after a short stay in a postoperative unit where they were extubated. The postoperative pain management was standardized in our department. In short, a patient-controlled analgesic system was routinely applied with intravenous sufentanil until postoperative Day 1 or 2. Oral oxycodone (5 mg) was administered 3 times per day until postoperative Day 3, if not otherwise indicated. Chest drainage was discontinued when there was no air leak, and the drainage was <200 ml/day. Patients who were able to mobilize independently and appeared normal on chest radiography were discharged after chest tube removal.
Definitions
Comorbidity was defined as having any indicator comorbidity listed in the Charlson index [22] . Laterality for central lesions was defined as laterality of the major component that dictated the side of approach. Surgical mortality was defined as death occurring during the same hospitalization or within 30 postoperative days. Conversion cases stayed in the arm of planned surgery when the outcomes were compared.
The pain scores were evaluated by nurses using a visual analogue scale from 0 to 10, from the least pain to the worst pain experienced. These were documented on the same day of operation for the first time and then every 24 h on subsequent postoperative days until discharge. The first postoperative visual analogue scale score was analysed as a measurement of overall postoperative pain for analysis as it was thought to be the most representative single value. 
Statistical analysis
The Student's t-test and Mann-Whitney U-test were used for numerical data, and the Pearson's v 2 test and Fisher's exact test were applied to categorical data. All analyses were 2-tailed. P-values <0.05 were taken to be statistically significant. All of the analyses were performed on the SPSS statistical software package 20.0 (IBM Corp., Armonk, NY, USA).
RESULTS
Patient characteristics
The preoperative characteristics of the patients with thymoma and non-thymomatous disease are described in Tables 1 and 2 , respectively. Overall, 141 of 285 (49.5%) patients received singleport VATS, and of the 285 patients, 41 (14.4%) and 244 (85.6%) patients were diagnosed with thymoma and non-thymomatous diseases, respectively. The mean age was 52.9 ± 12.8 years, and the mean lesion size measured on preoperative computed tomography was 4.0 ± 1.9 cm. Statistical analysis showed no significant differences in all major demographic and clinical variables between single-and multi-port VATS for both pathology groups, except borderline significance in smoking history for cases with thymoma in prematching data. This trend, however, disappeared after propensity matching.
Perioperative outcomes
The postoperative pathology revealed thymoma in 41 cases and benignancy in 244 cases, the number of which became 30 and 216, respectively, after matching. For benign diseases, the diagnosis encompasses mediastinal cyst (n = 142), schwannoma (n = 45), thymic hyperplasia (n = 25) and other rarer entities (see Supplementary Material, Table S1 ).
No major morbidity or mortality had occurred with the exception of 1 patient who developed empyema of the surgery side after 2-port VATS. However, after a course of conservative treatment involving antibiotics and continuous chest drainage, the empyema was cured without causing marked consequences. Three (2.1%) conversions from single-port VATS to 2-port VATS and 4 (2.8%) conversions from multi-port VATS to open thoracotomy were observed without significant difference in incidence rates (P = 1.000). These conversions were all due to unexpected adhesions encountered in the operation that precluded proceeding with the current approach, except in 1 case via single-port approach, in which the target lesion could not be easily handled with a single-port technique.
The perioperative outcomes of single-port and multi-port VATS in the post-matching cohort are presented in Table 3 . In patients with thymoma, single-port VATS was associated with shorter operation time [mean, interquartile range (IQR): 78.8 min, 60-90 vs 120.0 min, 90-120; P = 0.011], less intraoperative blood loss (mean, IQR: 42.0 ml, 20-50 vs 78.4 ml, 50-100; P = 0.002) and lower immediate postoperative pain score (mean, IQR: 2.6, 2-3 vs 3.3, 3-4; P = 0.026) in contrast to multi-port VATS. In patients with nonthymomatous diseases, similar results were obtained, i.e. the operation time was shorter (mean, IQR: 78.4 min, 60-90 vs 107.9 min, 60-120; P < 0.001), the intraoperative blood loss was less (mean, IQR: 46.0 ml, 20-50 vs 62.2 ml, 20-88.8; P = 0.001) and the postoperative pain score was lower (mean, IQR: 2.4, 2-3 vs 3.2, 3-4; P < 0.001) for single-port VATS. The length of postoperative hospital stay, however, was not significantly different between singleport VATS and multi-port VATS in either thymomatous patients (P = 0.775) or non-thymomatous patients (P = 0.943).
DISCUSSION
Single-port VATS is postulated to reduce postoperative pain and speed up patient recovery as it involves only 1 intercostal space with associated nerves when compared with its multi-port counterparts [8] . Evidence so far has confirmed its feasibility and safety in various thoracic surgeries including lobectomy [11] [12] [13] . However, few studies have compared its efficacy to multi-port VATS with respect of mediastinal surgeries. The current study compared the short-term outcomes between single-port and multi-port VATS in the treatment of mediastinal diseases after propensity matching in a cohort of non-myasthenic adult patients. The analysis showed consistent results, regardless of the thymomatous pathology, where singleport VATS was correlated with shorter operation time, less blood loss and less postoperative pain than was multi-port VATS. Although the differences in terms of absolute number might not imply as much clinical significance as it did statistically, the observed trend for a better performance of single-port VATS suggests that thoracoscopic surgery in a mediastinal setting is not hindered by single-port technique and that ad hoc instruments adopted in single-port VATS might actually improve the comfort level. Such findings present an argument that with adequate training, single-port VATS acts as a competitive alternative to multi-port VATS for simple mediastinal surgeries and could be confidently practiced in such setting.
Similar findings favouring single-port VATS over multi-port VATS were noted in a previous study, in which Wu et al. [16] investigated a cohort of patients comprising either cystic or solid mediastinal tumours. However, because the malignant nature of thymoma dictates larger surgical extent, it was analysed separately from other pathologies in our study. In addition, our study was also characterized by a larger sample size.
For minimally invasive mediastinal surgeries, other approaches such as robotic surgery and sub-xiphoid surgery were reported as well [23, 24] . However, these techniques were either not adopted or only used by selected groups not essentially performing single-port VATS at our institution, hence precluding respective comparisons. However, we do call for future studies with wider scope of approaches and longer follow-up to offer more comprehensive knowledge on minimally invasive mediastinal surgery.
Limitations
The primary limitation of this study lies in that the retrospective nature introduced biases including surgeons' preference and learning curve for single-port VATS, within which only the measured part was addressed by propensity score matching. This could leave our study at stake of comparing the performance of different surgeons. As far as we know, all participating groups were dedicated at minimally invasive surgery and had a similar level of assistance. Only surgeons experienced in regular VATS were allowed to practice single-port VATS. As such, the study result should be better interpreted as that single-port VATS was at least comparable to multi-port VATS in terms of perioperative outcome at a competent level. Another limitation concerns the postoperative pain score, which lacks a standardized evaluation method and was semi-quantitative and subject to individual patient's personal perception. Only the first-time visual analogue scale was used for analysis, which was intended to highlight the most relevant measurement but could have exaggerated the difference in post-surgical pain that could be otherwise insignificant in the long term. In addition, long-term follow-up was not analysed, so the oncologic results of both VATS types remained unclear.
CONCLUSION
In conclusion, the results of our study suggest that the use of single-port VATS is safe for patients with loco-regional mediastinal disease, with potential advantages of shorter operative time, less intraoperative bleeding and less postoperative pain when compared with multi-port techniques.
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